Interventional balloon catheterisation is now the recommended procedure for several congenital heart defects. The overall complication rate in the first 160 children (median age 3 years) to undergo balloon intervention (excluding balloon atrial septostomy) at the Brompton Hospital was 24% (14% excluding haemorrhage and including three deaths (1-9%)). Most complications were related to vascular problems at the site of cardiac catheterisation. Complications were more common in the younger patient, especially neonates, and also in procedures that were ultimately unsuccessful. Most complications were transient and usually had no long term effects. Improvements in equipment design and technical expertise may reduce morbidity from these procedures.
The immediate and intermediate results of balloon dilatation for isolated pulmonary valve stenosis and for recoarctation of the aorta compare favourably with the results of conventional surgery.`3 The successful dilatation of aortic valve stenosis,4 of native coarctation of the aorta,7 of postoperative stenoses of veins or baffles,8 and of stenosed aortopulmonary shunts has been reported but the longer term outcome of these procedures is unknown.
It is surprising that there is only one report of the acute complications of interventional catheterisation in adults and children.9 The present study reviews the complications in children and represents our initial experience in the first 160 patients.
Patients and methods
Between January 1984 and June 1989, 1795 infants and children under the age of 16 years underwent cardiac catheterisation at the Brompton Hospital. There were 172 patients who underwent interventional procedures, consisting of balloon dilatation (n = 160), embolisation of pulmonary-systemic collaterals (n = 10), and blade atrial septostomy in two. Infants undergoing balloon atrial septostomy are not included. This study is con- fined to the 160 children who underwent balloon dilatation. Figure 1 shows the relative frequency of these procedures as a proportion of all cardiac catheterisations by year. Age at catheterisation ranged from 3 days to 16 Figure 1 Proportion of cardiac catheterisations that were balloon dilatations. n = the total number of paediatric patients undergoing cardiac catheterisation.
Booth, Redington, Shinebourne, Rigby There were three deaths (1 -9%) (tables 2 and 3). Seven patients had two complications and one patient had three. The complication rates for individual procedures ranged from 7% for dilatation of the pulmonary valve to 53% for coarctation aortoplasty (fig 2) . The complication rate was especially high (69%) for aortoplasty of native coarctation.
Complications were more common in the younger patients. The rate was 70% for neonates, 44% for infants, and 19% for children (p < o0001, x2 test for trend). The median age of the patients in whom complications developed was 24 months; the median age of the patients who had no complications was 43 months. The difference between the median ages was significant (p = 0 009, Mann-Whitney U test). The 95% confidence interval for the difference in medians was (4-0 to 27-8).
Complications developed in 18 (15%) of the 119 patients who had successful procedures and in 21 (51%) of the 41 patients who had an unsuccessful procedure (p < 0 001, X2 test with Yates's correction).
During the period of the study the incidence of complications increased from 17-5% in the first 30 months to 28% in the second, though the rate for dilatation of the pulmonary valve fell.
SPECIFIC PROCEDURES AND THEIR COMPLICA-TIONS
Dilatation of the pulmonary valve The success rate (86%) was the highest of all the procedures and the complication rate (7%) the lowest. There was one death (in a 5 day old infant) and in a 10 day old infant with a severely dysplastic pulmonary valve Staphylococcus Results There were 48 complications in 39 patients (24%), of which 27 were major and 21 minor. showed stenosis of the right femoral artery. A three day old infant was admitted to the intensive care unit after unsuccessful balloon aortoplasty which was complicated by major blood loss. At operation, three days later, there was an aortic dissection of the coarctation and isthmus necessitating end-to-end repair. The minor complications involved nine patients with transient loss of pulse requiring anticoagulant treatment and four with bleeding from the site of cardiac catheterisation requiring blood transfusion but without haemodynamic disturbance.
Baffle obstruction after Mustard's operation There were 12 procedures in 11 patients who had developed baffle obstruction. Eight underwent dilatation of the inferior limb of the baffle, three dilatation of the inferior and superior limb, and one the superior limb alone. The success rate of the procedures was high (83%) and the complication rate low (16%). One patient underwent two procedures for dilatation initially of the inferior limb and later of both limbs of the baffle. He developed a transient right hemiparesis on both occasions. Table 1 lists procedures undertaken. The success rate was low (29%) and the complication rate was 33%. There was one death from ventricular fibrillation. A two year old child with Williams's syndrome and severe supravalvar aortic stenosis and peripheral pulmonary artery stenosis had repeated episodes of asystole after induction of general anaesthesia and during attempted dilatation of her pulmonary artery stenoses. She has recovered fully. Circumferential rupture of the balloon occurred in a 16 year old girl undergoing dilatation of a homograft conduit; it proved impossible to remove the catheter percutaneously and she required surgical exploration. 
Miscellaneous

Discussion
Complications developed in 39 (24%) of the first 160 infants and children undergoing balloon dilatation procedures. Permanent sequelae from these complications were uncommon, though there were three deaths (1 *9%).
Unlike Fellows et al,9 we included haemorrhage from the catheter site that required elective blood transfusion as a complication of balloon interventional procedures. If these 17 patients are excluded, the type and frequency (14%) of complications in our study are remarkably similar to those reported in Fellows et al's review of adults and children. What is clear from both studies is that complications of balloon interventional catheterisation increase in frequency in the younger patient, especially neonates. We also showed that complications were more frequent in patients who had an unsuccessful procedure (fig 3) , presumably because these were more prolonged and technically difficult. Vascular problems associated with site of cardiac catheterisation (haemorrhage, arterial occlusion etc) accounted for 33 of the complications. It seems reasonable to conclude that the frequency of these complications may fall with further miniaturisation of equipment.
Our success and low complication rates after dilatation of the pulmonary valve accord with those reported by other workers.'21 The complication rate (53%) for coarctation aortoplasty was the highest of all procedures. This was balanced by its high initial success rates of 82% overall and 94% for native coarctations. Fourteen were minor complications-that is, transient loss of the foot pulse or haemorrhage from the catheter site. There was a preponderance of neonates and infants in this group, and like Fellows et al9 we have shown an increased complication rate in these patients. It is clear that an arterial approach and younger age are significantly associated with both minor and major complications. Indeed, the complication rate rose from 17-5% over the first 30 months of the study to 28% over the past 30 months. This almost certainly reflects the increasing number of neonates and infants being treated, the trend towards primary balloon aortoplasty for coarctation, and the relative reduction in frequency of dilatation of the pulmonary valve.
Several 
